The spatial and temporal analysis of GATA-3 expression pattern in the human embryo revealed its expression in new anatomical sites. These include the endoderm of the primitive foregut, pharynx and allantois, the branchial arches and the mesenchymal cells surrounding the stomach and dorsal aorta. On the other hand, human (h) GATA-3 expression in the central nervous system, somites and embryonic kidney con®rms the tissue speci®city of this gene throughout vertebrate evolution. q
Results
The GATA-3 protein belongs to a family of Zinc Finger transcription factors (GATA-1 through GATA-6), shown to regulate critical steps of differentiation during vertebrate development (Pevny et al., 1991; Tsai et al., 1994; Pandol® et al., 1995; Kuo et al., 1997; Molkentin et al., 1997) . GATA-3-targeted disruption in mice results in a total block of T-cell differentiation, multiple abnormalities of the central nervous system and of neural crest-derived components as well as massive internal bleeding, lethal at mid gestation (Pandol® et al., 1995; Ting et al., 1996) . Such a pleiotropic function in embryonic development was predicted from its widespread, temporally dynamic and highly conserved expression pattern among vertebrate embryos, including zebra®sh, Xenopus, chicken and mouse species (Zon et al., 1991; Oosterwegel et al., 1992; George et al., 1994; Kornhauser et al., 1994; Neave et al., 1995) .
hGATA-3 transcripts are detected in the human embryo from the beginning of the 4th week of gestation, a stage equivalent to 8.5 days post coitum (d.p.c.) . This contrasts with the mouse (m) GATA-3 mRNA which is not detected before 10 d.p.c. (George et al., 1994) . In 15-somite-stage embryos, the ®rst stage available for this study, hGATA-3 transcripts are observed in the endoderm of the foregut except for its dorsalmost part (Fig. 1A) , in the rostro-dorsal neural tube and in the Wolf®an duct (not shown). At 20-somite-stage, a signal is found, at the head level, in the dorsal neurectoderm of the mesencephalon and in the telencephalic vesicle (Fig. 1D,E ) whereas, at the caudal level, the somitic mesoderm and the ureteric bud are labeled (Fig.  1F) . In slightly older embryos (30-somite-stage, end of the 4th week of gestation), the frontonasal bud, the otical vesicle and the second and third branchial arches at the origin, respectively, of the hyoid bone, parathyroid and thymus are labeled whereas a signal is still observed in the pharynx (Fig. 1G) . In the trunk, the mesonephric tubes and the allantois which will contribute to the bladder wall are also strongly positive (Fig. 1G,H) .
During the 5th week of gestation (stage 35 to 40 somites, i.e. the equivalent of 10±10.5 d.p.c. mouse embryos), in the eye region, the evaginating epithelium which will eventually form the crystalline is labeled, whereas the retina is negative (Fig. 2A) . In the peripheral nervous system, hGATA-3 is expressed in the ectodermal thickenings corresponding to the olfactory placodes ( Fig. 2A) , in a part of the otical vesicle epithelium and in the mesodermal tissue covering the inner ear which is at the origin of the squamous bone (Fig. 2B,C) . In addition, a discrete population of postmitotic motor neurons located on both sides of the¯oor plate in the rhombencephalon are also intensely (2) and third (3) branchial arches; note that the pharynx is still labeled. In the caudal region, the endoderm of the allantois (arrows) is strongly positive. (H,I) are higher magni®cations of sections adjacent to G that show the labeling in the mesonephros (arrows in H) and otic vesicle (arrow in I). In this and the following ®gure, sections hybridized to hGATA-3 sense riboprobe used as control showed no speci®c hybridization. Magni®cation: (A±C), (F±I), £22; (D,E) £54. Scale bars, (A±C,F±I) 450 mm; (D,E) 185 mm. f, foregut; h, heart; l, liver; m, mesonephros; me, mesencephalon; nt, neural tube; ov, otic vesicle; ph, pharynx; r, rhombencephalon; s: somites; t, telencephalon; uc, umbilical cord; 1, 2, 3, ®rst, second and third branchial arches. mm; (H) 500 mm; (I±K) 400 mm. a, aorta; di, diencephalon; e, ear; h, heart; i.e., inner ear; l, liver; m, mesonephros; me, mesencephalon; mt, mesenchymatous tissue; ni, nasal infundibulum; nt, neural tube; ov, otic vesicle; r, rhombencephalon; re, retina; se, surface ectoderm; st, stomach; t, tongue; v, vertebrae. stained (Fig. 2D,F) . In the mouth cavity, the mesoderm in the tuberculum impar at the origin of the tongue is strongly labeled (Fig. 2B) as well as the pharynx that remains positive (not shown). In the branchial arch region, in addition to the surface tissues of the second and third branchial arches, still positive during the 5th week of gestation (Fig. 2B) , h GATA-3 is now detected in the neural crest derived mesenchyme of the ®rst branchial arch (Fig. 2D) . Since that structure will form the lower jaw (Couly et al., 1998) , such an expression pattern is consistent with the mandibular de®cit observed in GATA-3 2/2 mutant mouse embryos (Pandol® et al., 1995) . At the trunk level, the mesodermal tissue surrounding the stomach, the ventral wall of the aorta and its lateral mesonephric branches, display a strong hGATA-3 labeling (Fig. 2E,G) .
As development proceeds (end of the 6th week of gestation), hGATA-3 transcripts are detected in the inner ear, a derivative of the primary otic vesicle, and surrounding mesodermal tissue (Fig. 2H,J) . Furthermore, the mesenchyme facing the base of the diencephalon and the ectoderm of the nasal infundibulum are positive (Fig. 2H) . We note in addition a speci®c labeling of the dorsal surface ectoderm covering the rostral rhombencephalon and, in the mesencephalon, of a discrete population of postmitotic motor neurons that corresponds to the cranial nerve III (Fig. 2H) . At the trunk level, hGATA-3 expression becomes restricted to the mesonephros (Fig. 2K ) which is consistent with its previously reported expression throughout development of the human kidney (Labastie et al., 1995) .
Together, these results con®rm previous ®ndings of the conserved tissue speci®city of the GATA-3 gene throughout vertebrate evolution but also reveal its expression at new sites in the human embryo. In both respects, our study might help to focus on subsequent studies on GATA-3 speci®c candidate tissues or target genes in man.
Experimental procedures

Human embryos
Human embryos were obtained with informed consent after voluntary termination of pregnancy performed in compliance with the French legislation. Developmental stages were estimated on anatomic criteria, according to the Carnegie staging system (O'Rahilly and Mu Èller, 1987) .
In situ hybridization and probes
In situ hybridization on sections of human embryos were performed as previously described (Labastie et al., 1995) . The radiolabeled hGATA-3 sense and antisense riboprobes were generated by in vitro transcription from the¯anking T7 and SP6 promoters of a linearized pGEM-3z plasmid containing the coding sequence of the hGATA-3 cDNA 5' to the zinc ®ngers (Joulin et al., 1991) . This probe did not contain the sequences encoding the DNA binding domain (which is highly conserved between the GATA factors) to ensure that the hybridization was factor-speci®c. Sense strand gives no signal.
